Breast carcinoma ranks high among frequent cancers in women. Studying growth regulation of normal vs malignant human mammary epithelial cells (HMEC) and particularly the process of malignant progression rests on the availability of systems allowing comparison of tumour cells with the normal epithelial counterparts from which they were derived. Many human breast cancer cell lines have been established (O'Hare, 1991) . In contrast, only few HMEC lines from normal breast cells are available (Paine et al., 1992; Soule et al., 1990; Briand et al., 1987) , most of which, due to the difficulty of growing breast epithelial cells in culture, have been spontaneously (Caron de Fromentel et al., 1985) or selectively established by immortalisation through chemical agents, viral infection, transfection or microinjection of transforming genes (Berthon et al., 1992; Bartek et al., 1991; Garcia et al., 1991; Band et al., 1990; Bartek et al., 1990; Stampfer & Bartley, 1985; Chang et al., 1982) . Invasive breast cancer probably originates from ductal luminal epithelial cells (Russo et al., 1987; Bartek et al., 1985a; Wellings et al., 1975) . Such 'breast cancer precursor cells' can be distinguished by their keratin profile and by the expression of high levels of polymorphic epithelial mucins (Taylor-Papadimitriou et al., 1989; Taylor-Papadimitriou & Lane, 1987; Bartek et al., 1985b) . Differentiated luminal epithelial cells not contaminated by fibroblasts can be obtained and cultured from early lactation milk samples (Taylor-Papadimitriou et al., 1977; Buehring, 1972) . This also avoids the risk of coculturing contaminating myoepithelial cells (Bartek et al., 1991; Garcia et al., 1991; Bartek et al., 1990) . Indeed, cell lines established from luminal cells are valuable in vitro tools to study carcinogenesis of the human mammary gland.
Stepwise analysis of tumour progression would require, however, a series of cell lines corresponding to the sequence of events as they occur in vivo.
We report here the establishment of two new sublines, HuMI-T and HuMI-TTul, from a HMEC line, Hu-MI (Garcia et al., 1991) , which was originally obtained by microinjecting SV40 DNA into human milk epithelial cells. HuMI-T and HuMI-TTul illustrate two different stages of spontaneous malignant progression of breast cancer precursor cells. Since these lines were all derived from normal epithelial cells of one individual, they may indeed be used as an in vitro model system and provide new possibilities to study progression of human breast tumours.
Materials and methods

Cell culture
The Hu-MI cell line has originally been established by SV40-immortalisation of human mammary epithelial cells cultured from early lactation samples (Garcia et al., 1991) . Hu-MI cells and their sublines were maintained in RPMI 1640 (Gibco BRL, Gaithersburg, MD) supplemented with 10% FCS (Seromed, Berlin, Germany). They were incubated at 37°C in a humidified atmosphere containing 5% CO2 in air.
Attached cells were passaged using 0.05% trypsin/EDTA (Seromed) at a dilution of 1:3 to 1:5 every 3-5 days.
All cell lines were tested periodically for presence of Mycoplasma using the Myco Tect assay system (Gibco BRL) and were consistently found to be free of contamination.
Establishment of sublines Soft agar assay was used to select anchorage-independent sublines. Single cell suspensions containing 104 cells in 0.3% agarose (Sigma, Munich, Germany) were layered onto a 0.5% agarose bottom layer in 100-mm bacteriological Petri dishes (Greiner, Niirtingen, Germany) . Both agarose layers contained RPMI 1640 supplemented with 10% FCS. Plates were incubated at 37°C in a humidified atmosphere containing 5% CO2 in air; fresh medium (0.5 ml) was added to the plates every 3-4 days. After 4 weeks the cultures were examined at 60 x magnification using an inverted microscope. Individual colonies of large size located in areas free of any aggregates were randomly picked up with a micropipet and transferred into 96-well flat-bottomed microtiter plates (Nunc, Roskilde, Denmark) containing 200 gIl of complete culture medium. After 10-15 days cultures with adherent cell growth were trypsinised, transferred into 25-cm2 tissue culture flasks (Tanner, Trasadingen, Switzerland) and further expanded as described above.
were harvested by trypsinisation, resuspended in culture medium and counted using a hemocytometer.
Clonogenic assay Anchorage-independent growth was examined in a methylcellulose-based assay (Eliason et al., 1985 (Boehringer Mannheim, Germany) . After washing in PBS, stained cells were mounted in Tris-buffered glycerol and examined microscopically (Polyvar, Reichert-Jung, Vienna, Austria).
For indirect immunoperoxidase studies the peroxidaseantiperoxidase method was used (Imam & T6kes, 1981; Taylor, 1978) .
Light microscopic examination of xenograft Isolated tissue samples were fixed in 2.45% glutaraldehyde and 1% paraformaldehyde in PBS. They were embedded in JB-4 plastic (Polysciences, Warrington, PA) and processed; 2p.m-thick sections were stained with Giemsa.
Cytogenetic studies Confluent cultures of each cell line were blocked in mitotic metaphase using Colcemid (Fluka, 0.2 pg ml-') for 75 min at 37°C. Cells were then dispersed with 0.05% trypsin, washed in culture medium without FCS, exposed to a hypotonic solution (KCl 0.56%) for 20min at 37°C and fixed twice in a 1:3 mixture of acetic acid/methanol for 30 and 60min. The cell suspension was finally dropped on wet slides (water-acetic acid 1:1) and stained for G bands (Pathak, 1976) .
Results
Establishment of Hu-MI sublines and morphology The Hu-MI mammary cell line has previously been described as displaying a typical epithelial-like morphology and forming monolayers (Garcia et al., 1991) . It has now been kept in culture for more than 3 years and 140 passages. In one of the serially transferred batches a crisis event, characterised by marked decrease in proliferation rate during 2 weeks, took place around passage 80. Post-crisis Hu-MI cells exhibited heterogeneous morphology, possibly corresponding to particular phenotypes that may have emerged during the crisis period. The appearance of the cell cultures shortly after the crisis event is illustrated in Figure la . Cultures were composed of two cell types. Epithelial-like cuboidal cells, probably identical to pre-crisis Hu-MI cells, were engulfed into islands by a predominant, newly emerged cell type with rather flattened and elongated morphology. After a few passages the cultures homogeneously contained such post-crisis cells, which are referred to as HuMI-T cells (Figure lb) . Since the exact passage number at which HuMI-T cells were selected could not be determined, we continued to use the same passage number as for the Hu-MI cells.
In contrast to Hu-MI cells which strictly grow anchoragedependently, HuMI-T cells were found to be clonogenic (see below). In spite of the homogeneous morphology of HuMI-T cultures, we assumed that they might actually be endowed with different growth properties. Considering that clonogenicity correlates best with in vivo tumorigenicity, we attempted to establish possible tumorigenic sublines of HuMI-T cells by isolating individual large-sized colonies growing in soft agar at passage 105. Cells were expanded and, when heterogeneous morphology was observed, they were further selected using the limiting dilution technique. senesced after 4 7 passages. One of the continuous sublines, HuMI-TTul, was found to be tumorigenic in nude mice (see below). HuMI-TTul cells were considered to be at passage 1 at the time of selection from soft agar cultures. At early passages, HuMI-TTul cultures were characterised by morphologically small round-cuboidal cells, together with a few round and rather large cells (Figure 2a) . At later passages (around passage 20) these large cells had disappeared and HuMI-TTul cultures consisted of small, rather round-shaped cells that formed tight monolayers (Figure 2b ). Apart from their epithelial-like aspect they did not morphologically resemble to either Hu-MI or HuMI-T lines. Establishment of HuMI-T and HuMI-TTul cells is depicted in Figure 3 .
The above mentioned crisis event took place in a batch which was the only serially transferred culture of Hu-MI cells in our laboratory at that period. No comparable phenomenon was observed to occur again in samples of the same or other batches of Hu-MI cells placed into long-term culture. Chromosomal markers common to Hu-MI, HuMI-T and HuMI-TTul cells (see below), as well as strong and uniform expression of large T-antigen in all lines (see below) exclude this 'crisis' event to be related to culture contamination. DNA fingerprinting of Hu-MI (passage 42), HuMI-T (passage 118) and HuMI-TTul (passage 18 and 32) has been performed and has definitely confirmed their common origin. agar (Garcia et al., 1991 -T s.c. into nude mice. HuMI-T cells were inoculated into five mice at passage 130 and no tumour growth was observed for more than 5 months. (Garcia et al., 1991) . HuMI-T and HuMI-TTul cells were tested at early and later passages and were found to be negative for keratin 19 (data not shown).
Hu-MI, HuMI-T and HuMI-TTul cells have been subjected to immunostaining using antibodies to antigens of MFGM. Hu-MI ( Figure 6a ) and HuMI-TTul (Figure 6b ) cells reacted strongly and uniformly with antibodies to MFGM. HuMI-T cells, however, reacted relatively weakly with this antibody. All three cell lines were EMA-positive.
Nuclei of Hu-MI, HuMI-T and HuMI-TTul cells were strongly and uniformly immunoreactive for large-T antigen. As for Hu-MI cells (Garcia et al., 1991) there was no immunostaining of HuMI-T and HuMI-TTul cells using an anti-carcinoembryonic antigen antibody (data not shown). (Garcia et al., 1991; Bartek et al., 1990; Chang et al., 1982) . They retain a phenotype compatible with the putative role of breast cancer precursor cells and are neither clonogenic in soft agar nor tumorigenic in nude mice. The expression of the viral large T-antigen induces continuous production of growth signals in several cell systems (Bartek et al., 1991; Lemoine et al., 1989; Poirier et al., 1988) via binding to a variety of proteins endowed with antiproliferative functions, such as the p53 protein (Lane & Crawford, 1979; Linzer & Levine, 1979) and the retinoblastoma gene product (Huang et al., 1990; Hu et al., 1990) . SV40 large T-antigen is capable of transforming cells and causing tumours in the absence of any cooperating oncogene (Green, 1989; Choi et al., 1983 ) but SV40-infected normal human epithelial cells from various tissues have repeatedly been reported to be non-tumorigenic (Cussenot et al., 1991; Garcia et al., 1991; Bartek et al., 1990; Chang, 1986) or at best to grow anchorage-independently (Caron de Fromentel et al., 1985) . Although generally considered to be a rather unlikely event, malignant transformation of normal cells from mammoplasty reduction surgical samples has been observed upon SV40-immortalisation (Berthon et al., 1992 Fromentel et al., 1985) or keratin 19-positive cell lines (Bartek et al., 1990) , thus suggesting that different cell populations had been immortalised. Indeed, the proportion of keratin 19-positive Hu-MI cells already decreases from 100% at early passages to 40% at passage 80 (Garcia et al., 1991) . Finally, both sublines HuMI-T and HuMI-TTul were keratin 19-negative. Luminal epithelial cells differentiate from cells located in the basal layer, keratin 19-negative luminal cells deriving from such cells are precursors to the 19-positive more differentiated luminal cells (Bartek et al., 1991) . In our sublines, this would mean that the Hu-MI cell line contained an undetectably small proportion of keratin 19-negative precursor cells at early passages which, later on, grew with a selective advantage in culture. On the other hand, such differentiation may of course be two-directional according to culture conditions. This is currently being investigated with our cells.
HuMI-T and HuMI-TTul cells were selected following a period of markedly decreased proliferation rate. This 'crisis' period, commonly seen with SV40-transformed fibroblasts, occurred in one culture only and should thus be much rarer for luminal epithelial cells even though the initial immortalising agent was the same. Indeed, in a series of SV40-transformed milk epithelial cells studied by Bartek et al. (1991) (Garcia et al., 1991) . Identification of the number of copies and integration sites of SV40 DNA in our sublines is under investigation.
Chromosomal alterations are important in the oncogenic process (Weinberg, 1989; Bishop, 1987) . Cytogenetic analyses of primary and metastatic tumours have outlined genetic aberrations frequently involving chromosomes 1, 6, 7, 11, 13, 17, and 18 (Cropp et al., 1990; Callahan & Campbell, 1989; Mackay et al., 1988; Ali et al., 1987; Lundberg et al., 1987 
